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WALL INTERFEB13NCEIN CLOSED TYPE WIND TUNNELS.

By George J. Higgins.
.

Summary

A series of tests has been conducted by the National

Advisory Committee for Aeronautics, in the variable density

wind tunnel on several airfoils of different sizes and sections

to determine the effect of tunnel wall interference and to de-

termine a correction which can be applied to reduce the error

,,
* caused thereby. The use of several empirical corrections was

attempted with
%

ticm gives the

recting closed

little success. The Prandtl theoretical correc–

best results and its use is recommended for cor-

wind tunnel results to conditions of free air.

Introduction

When tests are made on models in wind tunnels to determine

their

truly

nel.

aerodynamic characteristics, the results obtained are not

representative because of the limited air jet of the tun- :

The boundary of the jet, whether free or enclosed by walls,

affects the flow to a considerable extent. This effect has been
●

considered theoretically and a qethod devised for correcting the ~.._

A- results from wind tunnel tests.
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hperi~ental confirmation of this correction is extrenely

&esirable =.ndt-noughsuch confim!ation has been obtained in

~’indtunnels in Zurope, tests for that purpose had not been made

in the wind tunnels of the National Advisory Committee for

Aeronautics.

conducted by

density winE

ctory,

A series of tests was therefore authorized to be

the aerodynamics staff to be made in the variable

ti,mn~lat t~e Langley Memorial Aeronautical Labor-

Field.,VirSinia.

This investigation was to consist of force tests on several

?-.irfo~~.ao:.elsof tle K*AS~”AO X–G section, kaving”a.constant

::kordand a varying span, from which some idea of the effect of

tunnel -31s could be ascertained.
+

Data from preyiop tests on the M–6 airfoil section were

* also available an~ were used in the analysis. For fi~rthercon-

firrkaticm,in Conjunction with anot”herinvestigation, tests

!

.-

~ere made on three airfoil mde-ls of the.R”A~F~ 19 section, each

hal-ingthe same aspect ratio but different areas.

The tests on the N.A.C.A. M-6 in this investigation were

r conducted after t~e usue.1 zethoti employed in the variable den6i–.

ty wind.tu=nel (~eference 1). The angle of attack yas varied

- i’ron-3° to +21°. ~~~ ~:eyer~&e at several densities, or

.4- iieyr.ol.~sXu-i3ers. The R*A.Fo 19 series was similarly tested.



*

The N.A.C.A. }C_6section model was 4~ inches by 36 inches

ill plan. It was teeted in this form, of aspect ratio 8.00,

antit-~enctitoff on the ends so %.hatthe G n becane 32 inc’hes,P

giving tke airfoil an aspect ratio of 7.12. This procedure

was rqjeat~d, making tests on the airfoil ‘“ithasgect,ratios

6.00, 5.33, and 4.44. The R..A.Y. 19 i~d.els ~ere all of aspect

ratio 5.00 but had ~lan form di~ensioas of 4 inches by 24 inches,

5 inches by 3G inches, and 6 inc>es by 36 inches. All models .

‘wereof iurs.lmin and machined to within *0.002 inch of the

snecified ordinates.
.

Results and Discussion”

Readings of lift and drp.gat various angles of attack were,*

obtained and reduced to ebsolute coefficients. Those obtained
.

fro~.the test~ on eirfuils of aspect ratios other than six were

reduced to coefficients of t~~t aspect ratio ?.snoted in the

figures, using the Prandtl tl~eoryGf asqect ratio ve.riation.

These data were then glotted Un charts of various forms to de-

termine eny e:fects that might possibly be attributed to

t,erferenceof tlie Q:E31~S. Wmerous empizical corrections

Prandt?.theoretical.co;rectim (~eferences 2 ar.d3) were

the in–

and the

ap-

olicd to fixl out -hchncr “~etteragreenent in the results could

be arrived b% by %-heir use.

The Frar.dtlcorrection when applied, produced the results -.
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vhich I?erein best aqrecment (See Figures 1 to 10 inclusive).

The correc,tims used were:

CL’ s
Ac~i=2n D2s

anid

wheze CL = lift coefficient “ ,

c~i == iniuced Cizagcoefficient .—

ai = induced an@ e T—

s = area of airfoil

D = diameter of the tunnel

These a~.ountsvere added to the CD and a; respectively.

.?
Fimres 1, 2, and 3 show the polar curves of the N.~.C.A..,

s) I~_6airfoils of various aspect ratios: Fi=mre 1, the results “

in coefficient fern as observed in the tunnel; Figure 2, the -.

same, corrected to aspect ra”tio6.OC of the same span in the‘.

tunnel; ~r.dFigure 3, the sane, corrected also for wall inter-

ference to a~ree ‘with the 4&inch ‘Dy27-inch airfoil as tested

in the tunnel, ustng the Pra.ndtlformula. It can be seen that

the scattering of points is less in the last of these, indicat-

ing that the application of the formula improves the agreement.

Fiq~res 4, 5, and 5 shon the lift coefficient plotted)

* ~~ainst the anile of attack for the same airfoils, before and--

after t’hetwo above corrections have been made..-.w

Data from previous tests at 20 atmospheres density on the



N.A.C.A. 1.!-6airfoil, m=de on ~dLels of different sizes, aspect
●

ratio 6.CQ, are conpared wit-nthose of these tests in Fi~res

7 and 8. The polar curves show very good ayreement after the

correction has been added.

In !?ikgures9 end 10, the results of the R.A.F. 19 airfoils r-

(Reynolds Number 53C,090) are shown plotted as polar curves

~~ithoutand with tb.eFrandtl correction applied. Here, like-

wise, the results are imnroved by its use.

Conclusion

Test data from closed wind tunnels on airfoils of a given

section, but having various plan forms, agree better when cor–
4

rected for tunnel wall interference by the Prandtl theoretical

% formula. Its use is recommended for correcting wind tunnel

data to the conditions of free air.
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Fig.1 Variable density wind tunnel, tunnel wall effect.
N,A.G.A, K-6 airfoils of various aspect ratios, as

observed in tunnel, Average Reynolds I?o.3,K0,000
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Fig.2 Variable density wind tunnel, tunnel wall effect.
% N.A.C.A. M-6 airfoil of various aspect ratios,corrected

to aspect ratio 6.in tunnel. Average Reynolds No. 3,150,000*
.
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Fig.3 Variable density wind tunnel, tunnel wall effect.
N.A.C

2
X.-6airfoil of various aspect ratios, corrected

“forwall inte f;rence, aspect ‘ratio6, in tunnel, Average
Reynolds No. 3,150,000.
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FigQi$ Variable dmsity wind tunnel, tunnel Hall effect. N.A.(7.A.
x-6 airfoils of various aspect ratios, as observed in

tunnel. Average Reynolds No.3,150,00C!. 17Z-ZMI.
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Fi:.5 Variablb Wzsity wind tunnel, tunnel wall effsct. E.A.,C.A.
M-6 airfoil of various asp~ct ratios, corrected to aspect

ratio 61 in tunnel.Avsrage Fbynolds Xo.3,130,0C)o.
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4’ Fig.6 Variable density wind tunnel, tunnel wall effect. N. A. C.A.
h!-6 airfoil of various aspect ratios, corrected for
mall interference aspect ratio 6, in tunnel. Average

Reynolds No. 3,150,000.
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Fig.7 Variable density wind tuninel,tunnel wall effect.

N.A.C.A, M-6 airfoils of various sizes, as observed

4

in tunnel. 20 atmospheres density.
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Fig,8 Variable density wind tunnel,tunnel wall effect.
N.A.C.A. M-6 ai.rfoi.lsof various sizes, corrected for’

wall interference, aSpeCt ratio 6 in free air, 20 atmospheres,

.



9 N.A.C.A. Technical Xcte Ko.256 Ftg.9

1.8

1.6

1.4

1.2

J

1.0

.4

.2

0

-. 1

s

I

/

,.

I I

I
\

1’ ‘ I I

c1 .04 .08 .12 .16 .20
CD

Fig.9 Variable density wind turmel,
. R.A.F. 19 airfoils of various

tunnel. Average Re’ynoldsNo.530,000
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Fig.10 Variable density wind tunnel, tunnel wall effect.
R.A.F. 19 airfoils of various sizes, corrected for -

wall interference, to aspect ratio 6 in free air. AveraSe
Reynolds No.530,000


